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Abstract 
Due to the multi-layer thick wall structure and coarse grain materials of inside liner, the circumferential welds safety inspection of urea 
reactor is usually not easy. The paper analyzes the problems and difficulties of NDT techniques used for circumferential welds of urea 
reactor and overviews the theory and advanced point of UPA technology. Then two related test blocks (RB-2/20 and Austenitic stainless 
steel butt joint test block) with artificial defects are selected to simulate the outer and inner layer. Experiments by UPA are carried out on 
the test blocks and results are analyzed. It is proved that UPA is effective and efficient in solving the circumferential welds safety 
inspection. 
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1. Introduction 
Multi-layer structure, widely used in high pressure and ultra-high pressure vessels such as urea reactor, is a common 
structural style for pressure vessel. But in recent years, several safety accidents of urea reactor have caused concern in the 
community [1]. In order to avoid such catastrophic accidents, timely inspection should be carried out, especially the 
inspection of circumferential welds that is easier to be corroded. 
Non-destructive testing (NDT), which is based on techniques that rely on the application of physical principles to 
determine the characteristics of materials, always contributes to detect and assess flaws or harmful defects without changing 
the serviceability or usefulness of said materials [2]. Multiple NDT techniques have been used together in the inspection of 
circumferential welds of urea reactor such as RT (Radiographic Testing) and UT (Ultrasonic Testing), which not only 
increases the cost of detection but also reduces the detection efficiency. Deep welds’ RT detection could only get very poor 
sensitivity, and traditional UT system has only fixed focus, which is burdensome for layer inspection of welds [3]. In 
addition, coarse grain materials, which lead to attenuation losses and scattering noise, also bring difficulty to UT inspection 
[4]. 
Ultrasonic phased array (UPA) has excellent abilities of electronic steering, deflection and focusing [5]. As the rapid 
development of electronic and computer technology, it has been widely employed in industry NDT, the nuclear industry [6] 
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and chemical industry in particular. In the past few years, UPA inspection of coarse grain materials [7] and UPA imaging 
technology [8,9] have made great progress. 
 In this paper, the structure of urea reactor and the superiorities of UPA are analyzed firstly. Then, UPA is employed to 
inspect the defects on two test blocks. The defects are located at RB-2/20 test block’s 80mm depth and Austenitic stainless 
steel butt joint test block’s 10mm depth. Finally, conclusions are presented. 
 
2. Structure of urea reactor 
Urea reactor belongs to pressure equipment, design pressure of which is usually above 20MPa and usually uses multi-
layer structure. The structure of circumferential welds of urea reactor is as Fig.1, It is clear that the welds are divided into 
outer and inter layers. The material parameter of each layer is as Table.1  
 
Fig. 1. Structure of  circumferential welds of urea reactor  
Table 1. Material parameter of welds 
Name Material Thickness 
(mm) 
Inside Liner 316L 8~12 
Laminate panel 15MnVR 90~100 
 
3. Mathematic model of ultrasonic phased array 
Seen from Fig.2, UPA testing instrument can electronically steer and focus the transmission ultrasonic beams. These 
features provide a new testing approach for circumferential welds. 
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Fig. 2. Beam focusing and beam deflection of liner UPA 
 In order to keep good directivity and depress energy leakage of the ultrasonic beam, the shape of the focus sound field 
and the location of the focus area must be controlled. Therefore, precision control of transmission delay for each element is 
demanded. The object of delay computation is to find the delay difference nt between an arbitrary element ( n the element) 
and the first element.  
Take linear UPA for example, if the deflection angle of the ultrasound beam is J , the delay time of random adjacent 
elements 0W' satisfies [10]: 
         0 sin /d cW J'  
                                                                          
(1) 
where c  is the ultrasound velocity in the medium, d is the center distance between two adjacent elements. 
Supposing the ultrasonic beam focuses along the line that has an angle of J  with the normal line. The line is called the 
beam direction. There are N elements are excited. Relative to the middle element, the delay of element is (1 )n n Nd d  [9]: 
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4.  Experimental procedure 
Inner and outer layer defects of circumferential welds in urea reactor are simulated through related test blocks. Table.2 
presents the introduction of experiments  
Table 2. Introduction of the Experiments 
Number 1# 2# 
Name Inspection experiment of 
Laminate defect 
Inspection experiment of 
Inside Liner defect 
Instrument OmniScan MX OmniScan MX 
Probe 5L64-A2 5L64-A2 
Test block RB-2/20 Austenitic stainless steel 
butt joint test block 
Depth of the simulated defects 80mm 10mm 
Fig.3 and fig.4 show the specific information of the test blocks: 
462   Dong Hu et al. /  Procedia Engineering  43 ( 2012 )  459 – 463 
 
Fig. 3. RB-2/20 
 
Fig. 4. Austenitic stainless steel butt joint test block 
5. Results and discussion 
       
(a)                                                                                  (b) 
Fig. 5. Austenitic stainless steel butt joint test block 
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Figure.4 shows that inspection of simulated defects in both inner and outer layer by UPA technology get nice effects, the 
imaging results is intuitive. High SNR UPA images are obtained through one time parallel inspection, which improve the 
inspection efficiency. In addition, UPA technology has good effects on the coarse-grained material. 
6. Conclusions 
UPA technology has the advantages of convertible beam direction and focus, the results is easy imaging and the 
detection has better accessibility and applicability. Therefore, it can solve the problems and difficulties of NDT inspection 
in over-lapped pack structure and coarse grain materials testing. The technology can improve the accuracy of ultrasonic 
testing and the reliability of test results, ensure the safe and economic operation of urea reactor. 
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